Introduction
Acupuncture has been used in clinical practice for treating a wide variety of medical conditions. Many studies have supported the efficacy of acupuncture for relieving pain and regulating the functions of internal organs and the endocrine system through activation of the opioid pathway and the autonomic nerve system (Kagitani et al., 2010) . However, little is known in regards to local responses to acupoint stimulation.
to release biological substances (Heib et al., 2007) . The initiating factor and the chemical changes in mast cells at local acupoints following MA are still elusive.
Acupuncture elicits many physiologic responses through stimulating nerve fibers in the skin and muscle (Kim et al., 2013; Tjen-A-Looi et al., 2005) , which can be deleted by blocking or cutting the nerves in the acupoints (Kagitani et al., 2010) . These sensory nerves form a network in the layers of the skin, and needling one of these nerves sets off action potentials (White et al., 2008) . The action potentials spread around the network locally-an effect known as 'axon reflex'. Various substances are released as a result, particularly calcitonin gene-related peptide (CGRP) (Dawidson et al., 1998) . This causes dilation of local blood vessels, in turn increasing blood flow. This effect can often be seen in patients receiving acupuncture treatment: the skin around the needles often flushes bright red with the increase in blood flow , and a small 'weal' can be seen under the skin posttreatment (Blom et al., 1993) . Blood flow also increases in the deeper tissues, which encourages tissue healing, such as in some skin conditions or minor injuries. It may also improve the function of local secretory glands (e.g. salivary glands).
Recent studies also indicate that mast cells are involved in initiating acupuncture signals through stimulating peripheral sensory nerves. Mast cell-neuron interaction contributes to the modulation of signal transmission pathways. A model of mast cellneuron interaction at acupoint has been proposed to study Ca 2+ signaling and ATP release in mast cells and neurons and applied to investigate the coupled response of mast cells and the nerve system to mechanical stimuli (Yao et al., 2014) .
Although more and more substances and cells have been recognized for their involvement in the effects of acupuncture (Abraham et al., 2011) , what is being stimulated at the acupoint is still unknown. The definite relationship between the nerve fiber and mast cell remains a question, especially during and after acupuncture stimulation. In order to investigate the result of acupuncture on the nerve fiber and mast cell in local acupoint areas, we chose to stimulate a commonly used acupoint -Hegu (LI4) -with MA. The local tissue was examined by fluorescent histochemistry and immunohistochemistry simultaneously, in which we exposed sensory nerve fibers using substance P (SP) and CGRP, mast cells and its associated chemical elements using tryptase, histamine (HA), and serotonin (5-HT), and blood vessel using phalliodin. We hypothesized that acupuncture stimulation could activate the cutaneous sensory nerves to propagate impulses and release inflammatory neuropeptides CGRP and SP, as well as activate local mast cells to release tryptase, HA, and 5-HT. Both local nerve fibers and mast cells may be involved in the mechanisms of acupoint stimulation. To address these issues, we would investigate: (1) the corresponding innervations with SPand CGRP-positive nerve fibers, and (2) morphological and chemical changes of local mast cells at acupoint LI4 after MA. LI4 is a representative acupoint on the distal fore limb. On the human body, LI4 is located on the dorsum of the hand, radial to the midpoint of the second metacarpal bone. The corresponding location of LI4 on the rat is based on the principle of comparative anatomy and is shown in Fig. 1 .
Material and methods

Experimental animals and manual acupuncture stimulation
Under anesthesia with 10% urethane (1 g/kg), the needle (No. 28, 1 in.) was inserted into LI4 of one limb at a depth of about 2 mm, twisted successfully for 3 min, then pulled out. The contralateral LI4 of the same rat was not needled and used as a non-stimulated control.
Tissue preparation and immunohistochemical staining
After MA stimulation, the anaesthetized rats were immediately perfused transcardially with 100 mL of 0.9% saline, followed by 300 mL of 4% paraformaldehyde in 0.1 M phosphate buffered solution (PBS, pH 7.4). After perfusion, the skin tissue in the area of LI4 (about 4 Â 3 mm 2 ) was dissected out from the dorsal fore-foot and stored in 25% sucrose PB at 4 8C. A series of skin sections from LI4 of MA and control rats were cut at a thickness of 20 mm on a cryostat (Thermo, Microm
International FSE, Germany) and divided into five groups for the five sections. The sequentially mounted slides were prepared for their respective types of fluorescent immunohistochemical and histochemical staining. Primary antibodies, including mouse monoclonal anti-mast cell tryptase antibody (1:1000, Abcam, Hong Kong), rabbit polyclonal anti-mast cell tryptase antibody (1:500, Abcam), rabbit polyclonal anti-SP antibody (1:500, Abcam), mouse monoclonal anti-CGRP antibody (1:500, Abcam), rabbit polyclonal anti-HA antibody (1:500, Abcam), and rabbit polyclonal anti-5-HT antibody (1:500, Abcam) were used in this study. Goat anti-mouse Alexa Fluor 488 or 594 secondary antibody (1:500, Molecular Probes, Eugene, Oregon, USA) and goat anti-rabbit Alexa Fluor 488 or 594 secondary antibody (1:500; Molecular Probes) were used to visualize the corresponding primary antibodies. Additionally, Alexa Fluor 488 phalliodin (1:1000, Molecular Probes) and 4 0 ,6-diamidino-2-phenylindole dihydrochloride (DAPI, 1:40000; Molecular Probes) were applied for conterstaining.
The five groups of tissue sections around LI4 were treated with fluorescent immunohistochemical and histochemical stains to examine the relationship of: (1) The staining methods are as follows. After a brief washing in 0.1 M PB (pH 7.4), tissue sections were incubated in a 0.1 M PB (pH 7.4) containing 3% normal goat serum and 0.5% Triton X-100 for 30 min for blocking non-specific binding. To examine the correlation between mast cells and blood vessels, the sections were transferred to mouse monoclonal anti-mast cell tryptase antibody (1:1000, Abcam) to incubate overnight at 4 8C. On the following day, after washing three times with 0.1 M PB, sections were exposed to goat anti-mouse Alexa Fluor 594 secondary antibody (1:500; Molecular Probes, Eugene, Oregon, USA), followed by Alexa Fluor 488 phalliodin (1:1000; Molecular Probes). After two hours of incubation, sections were washed three times with 0.1 M PB and stained with 4 0 ,6-diamidino-2-phenylindole dihydrochloride (DAPI, 1:40,000; Molecular Probes) for 5 min.
We used a similar procedure in the double immunohistochemical staining to examine the correlation between mast cells and SP or CGRP-positive nerve fibers, as well as HA-or 5-HT-expression on mast cells. After incubating with blocking solution, primary antimast cell tryptase antibody and other primary antibodies (e.g. primary anti-SP antibody) were simultaneously added onto the sections for incubation overnight at 4 8C. After washing three times with 0.1 M PB, the sections were exposed to goat anti-mouse Alexa Fluor 488 or 594 secondary antibody and goat anti-rabbit Alexa Fluor 488 or 594 secondary antibody in accordance to the primary antibodies. Two hours later, sections were washed again three times with 0.1 M PB and further stained with DAPI solution for 5 min. After washing, the sections were cover-slipped with 50% glycerin. Rabbit polyclonal anti-mast cell tryptase antibody and mouse monoclonal anti-CGRP antibody were employed to examine the correlation between mast cells and CGRP-positive nerve fibers.
Negative controls were processed by leaving out the primary antibodies during the staining procedure. All immunohistochemistry for each staining combination was performed at the same time to ensure the consistency of staining. During the staining process the sections were kept inside a black container at room temperature.
Observation and data analysis
Samples were recorded with a confocal imaging system (FV1200, Olympus, Japan) and analyzed using the Olympus Image Processing Software. 10 images were collected in successive frames of 2 mm from each section at the thickness of 20 mm (Z series) and integrated into a single in-focus image. Final images were processed with Adobe photoshop CS5 and Adobe illustrator CS5 (Adobe Systems, San Jose, CA, USA). Some of the selected images were used for analysis with three-dimensional reconstruction using Imaris7.6.2 software (www.bitplane.com). The number of mast cells was recorded within a magnified field (Â400) in 10 randomized sections from each rat. Twenty randomized sections were analyzed with the Olympus Image Processing Software for quantifying intensity of fluorescence. Data was expressed as mean AE standard deviation and processed with the statistical software SPSS 16.0.3.
Results
Mast cells located near the blood vessels and aggregated in the area of LI4 after MA
The tissue layer and blood vessels of LI4 were clearly exposed by phalliodin labeled blood vessels (green), tryptase labeled mast cells (red) and DAPI labeled nucleus (blue) (Fig. 2) . Mast cells were mainly located in the lower dermis and subcutaneous tissue, with most of them distributed in close proximity to the blood vessels ( Fig. 2A-A3, B-B3 ). The normal size of mast cells was about 10-15 mm in diameter. Mast cells tended to aggregate around the site of needling and some mast cells decreased in size (<10 mm in diameter) due to degranulation after MA, as numerous granules were detected around mast cells (Fig. 2B2) . The distribution of granules was displayed in detail in part 3.3. The number of mast cells after MA significantly increased than that of non-stimulated control (Fig. 2C , * P < 0.05).
3.2. Nociceptive neuropeptides CGRP and SP were highly expressed in local nerve fibers after MA The correlation of mast cells and SP-or CGRP-positive nerve fibers in the area of LI4 were examined by double immunohistochemical staining (Figs. 3 and 4) . Normally SP-and CGRP-positive nerve fibers were distributed in a similar pattern in the lower dermis and subcutaneous tissue, and a small number of mast cells were distributed sparsely around the SP-or CGRP-positive nerve fibers (Figs. 3A-A3 and 4A-A3). After MA stimulation, the SP and CGRP were distributed more around the local nerve fibers, and mast cells tended to gather around the SP-and CGRP-positive nerve fibers (Figs. 3B-B3 and 4B-B3). tryptase and 5-HT staining. Upon observation with threedimensional reconstruction, it was clear that there were three types of granules released from mast cells-tryptase-positive, 5-HT-positive, and both tryptase-and 5-HT-positive granules (Fig. 6C ).
Discussion
In this study we examined the distributions of SP-and CGRPpositive nerve fibers and morphological and chemical changes of mast cells in the area of acupoint LI4 after MA stimulation. Our Studies suggest that mast cells play a crucial role in the effects of acupuncture at local acupoints. The degranulation of mast cells at acupoint areas participates in the analgesic effect of needle acupuncture (Huang et al., 2012) , moxibustion (Shi et al., 2011) and laser acupuncture (Cheng et al., 2009 ). Recent emerging evidence suggests the possibility that mast cell-neuron interaction contributes to modulating signal transmission pathways (Skaper and Facci, 2012) . Studies also show that the interaction between sensory nerves and mast cells plays a role in pain and nociceptive sensitization in various models (Li et al., 2012) . Furthermore SP is involved in the effect of acupuncture analgesia (Lee et al., 2009) and local increase of CGRP participates in local muscle blood flow following manual acupuncture (Shinbara et al., 2013) . MA has also been documented to activate the nerve fibers in local acupoints by producing action potentials in the afferent nerve trunk and the neurons of dorsal root ganglion and dorsal horn of the spinal cordthe nociceptive stimulation associated with needle penetration, especially, provokes the activation of the local nerve fibers (Kagitani et al., 2010) . Our study hopes to investigate the initial effect of needle stimulation that contributes to the therapeutic outcome of acupuncture.
In this study the higher expression of SP and CGRP on cutaneous nerve fibers in the area of LI4 suggests that the nerve fibers might be responding to MA stimulation. Therefore SP and CGRP mediates the neuronal responses of acupuncture. Making matters more complex, mast cells are also major cellular participants in initiating acupuncture signals through stimulating peripheral sensory nerves. However previous studies have not any direct evidence that HA and 5-HT act on nerve fibers and we did not observe any HA and 5-HT positive nerve fibers in this experiments. Therefore, we will further use blocking agents of SP, CGRP, HA and 5-HT, respectively in acupoints to confirm if mast cell mediators (e.g. histamine or 5-HT) act on nerve fibers to release the neuropeptides in the following studies.
Based on the present evidence combined with other published data, we proposed a hypothesis on the local mechanism of acupuncture stimulation, summarized in Fig. 7 . The mechanism of the effects of MA can potentially be explained by the following progression ( Fig. 7) : (1) acupuncture signals are accepted by local axon terminals. These signals are transmitted to the central nervous system through the sensory pathway. Simultaneously, the signals are relayed to the local blood vessels and mast cells through axon reflex; (2) nociceptive neuropeptides SP and CGRP are abundantly expressed in the nerve fibers to activate local blood vessels and mast cells (Bienenstock et al., 1991) ; (3) CGRP causes the local blood vessels to dilate, which in turn increases blood flow. The activated mast cells aggregate and release tryptase, HA, and 5-HT through degranulation; (4) tryptase, HA, and 5-HT, as neurotransmitters or neuromodulators, may enhance the transportation of acupuncture signals through the sensory pathway to the central nervous system to deliver the local effects of acupuncture. The local network formed by blood vessels, nerve fibers, and mast cells, as well as their associated chemical components in the skin play important roles during acupuncture stimulation.
Studies also demonstrate that there are several pathways to communicate acupuncture signals to induce these effects locally, to distal target organs, and to activate the central nerve system to achieve systemic effects. The local responses can be aroused by the neural acupuncture unit, which contains neural and neuroactive components in the skin, connective tissues, and muscles surrounding the inserted needle (White et al., 2008) . Our present study gives strong evidence that the neural and neuroactive components, such as SP, CGRP, tryptase, HA, and 5-HT, respond to MA stimulation. We presume that many other kinds of chemical components, such as cytokines, hormones, and molecules in the local area of acupoint are also involved during acupuncture stimulation, and play active roles in the effects of acupuncture. Further research is necessary to understand the systemic response to acupoint stimulation and its effects on local tissue, as well as on distal organs.
Conclusions
In summary, nerve fibers and mast cells in the area of acupoints respond to MA stimulation. MA stimulation induces high expression of nociceptive neuropeptides of SP and CGRP in the subepidermal nerve fibers, which then activate mast cells. Mast cells aggregate and degranulate, releasing tryptase, 5-HT and HA. These neuroactive components play a role in conveying acupuncture signals to certain pathways to deliver the effects of acupuncture.
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